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BACKGROUND OF THE INVENT ION 
Field of the Invention 



display apparatus incorporating such an electron source. 
7 0 Related Background Art 

amission* Advance in Electron Physics, 8, 89 (ly&O) a™ h 

SELon cathodes with molybdenum , conesV^ ^ Phys ^ ^ io n amplifier". J- App-. 

MIM devices are disclosed ,n papers mcl ud mg C.^ M ead. M , 

20 Phys., 32, 646 (1961). Surface<onduction electron-em.tt.ng devices are propos 

Elinson. Radio Eng. Electron Phys., 10 (1965). electrons are emitted out of a small thin 

An SCE device is realized by ^^T^^^^ with the film surface. While 
On formed on a substrate when « . elec ™Z™£Vf^™ he use of Au thin film is proposed in 
Elinson proposes the use of ftfe th.n m A or a device ^ M of ^ thin film 

25 £ 21?^^^ - ™tad: ,EEE Trans. EO Con,. St, ^ and t H. 

emS device proposed by M. Hartwe... In Fig. by p^ucing an H-shaped thin 

30 numeral 2 denotes an K an etectron-emLg region 3 when 

as . electnc formin g" as described 

i, i S subjected to an electrically 

hereinafter. In Fig. 27. the thin horizontal are , rt I ft. met* o*de «n «p region 3 is only 

has a length L of 0.5 to 1 mm and a w.dtt W u , oca ,ion and contour. 

35 very schematically shown because .there , ■ , no e,ectron«mrtting device is 

As described above, the conductive film 2 of such a sunace* w „ e|ectric 
normally subjected to an electrically energy prtmi 2w&^-"»^ w -*^ 
forming-, to produce an electron emitting region JU the **» form g , p ^ ^ ^ ^ 
rising voltage that rises typically ^ ^ L rtJS^ an eleln-emitting region 3 which is 

« film 2 to partly destroy, deform pa* of the conductive film 2 that typicalry 

electrically highly resistive. Thus. ^ e, ^ on «« "J™ * ^ e fissures . The thin film 2 containing an 
contains fissures therein so that °™™™lf*™™ c *Z hereinafter referred to as a thin film 4 

• r rSeTthe elec^ng region to ma*e an 

^rsri^n^mi^ng deuces ta*. a conhgurrfon as descnbed at»ve are 

accompanied by various ^^^^ZcTJ^^ above is structurally simple and can 
M Since a surface conduction elecfro^mittng dev.ce as de^^i ^ ranged on a 

be manufactured in a simple manner a ^^^fi£££ been made to fully exploit this 
large area without difficult* As a JJjL of devices of ft. type under 

advantage of surface <^^«<**^™Zl1?Z eTectonic disptoys. In typical examples o« 
consideration include charged electron beam wu^s ana devices, the devices are 
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praams is Ml a lignt source noeds » » ''^Srt smission typo and. tho-oloro. the 

L »*iid crystal panel because th. *£y. not ^ "^pTS in l£ Indus.,. An emission 

as; rriss^--- — — <s ~ te wte 

United States Patent No. 5.066,883). conduction electron-emitting 

,n a conventional light source co-Pns'ng a ^J^J 1 ^ emission ^ subseq uen» light 
devices arranged in the form of a matnx dev^es ar seec ted I tor e connecting 
emission of fluorescent bodies by .^'"9 00 - 
respective rows of surface conduct-on * r^JE, in parallel and control elec- 

source and, therefore, it has been oesirea xo p.u nnfirated efficie ntlv in a controlled manner. The 

stable electron-emitting characterist.es and hence can *, o p e <fi£F5 1 of ^ prese nt 

efficiency of a surface conduction ""ft™"^ ' ^lUe paT of device electrodes of the device " 
invention as the ratio of the -^,^^"^3^^^ the emission of electrons into 

ESSES ITSI^T. » » -e I large emission current wi» a 

^ i— f the present invent who ^ ^ ^a^ 

SENSES * terms of mat9ri * 

and composition. ^. rtft .f ft rminn annaratus topically comprising an image- 

Thus, a low electricity consuming h.gh qualrty ^terming »"Ed a srfaJe conduction electron- 
forming member of fluorescent bodies can be ?«IS^dSS in* operated efficiently in a 
emitting device that has stable elecUon-em.tt.ng ^^"T^TS ZZ* television set A low 
controlL manner. Such an improved -age-form-ngj W« ^ M related 

energy consuming image-forming apparatus may requ.re less cosuy o 
components. 

SUMMARY OF THE INVENTION 

,„ *. o. - a^ descn-beo- ~ O ~ ^t?J,c^l~cSS 

^t^Sr^rS^s £n as a «sp,„ app^ 

such an electron source. . th objects of the invention are 

According to an aspect of the .nvenfon ™J» d sed etectrodes ^ 

60 achieved by providing an ^^'^^3" and *ZS£l W ^stance region, 
an electroconductJve film arranged «>^£ "JElLE 'barton as a principal ingredient 

activating the device. « m «„« n n is Drov »ded an electron source comprising an 

js: srrjc ™r -s: - - - 
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electron-emitting device is produced with the f^J^T^,' image-forming apparatus comprising 
According to a further aspect of the --^^ a tuncSn o, input signafs 

iSL^ir=»— *~ - * - - 

^teTsenMnven^on will be described in greater detail by referring to the accompanying 
drawings' that illustrate preferred embodiments of the invenbon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs 1A and 1B are schematic plan and sectiona. side views showing the basic configuration of a flat 

type r s z^s^^^^^ - ■ — - - — a . 

Performance of a surfa^nducfion 
obse.ed during an epical, energy 

Pr ° C r' «a and 6B are schematic sectional views showing an embodiment of surface conduction electron- 

conduction electron^mitting device according to the ,nvont, °"; source according to the 

""CSa %2%?%*t » » *» «•«"* 58,5 01 ftninB "*"" a " e,, ' aM ' , used " 

dnve the Image-taming apparahjsol Example 9. 

DETAILED DESrnipTION OF THF PRFFFRRED EMBODIMENTS 
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«h ninrtron source and applications of 
* m ** a display apparatus incorporating such an electron sou 
forming apparatus such as a aispiay <w 

' ta oppose •""««' **? fl« s u * i * a C Mo. W. «. Ti. AJ. C .nd Pd «■ 
mawu. P"*"* "f^TSt nSilV. mil oxide «°™ *»•, ""^ 

^m*™^^™* M ^TT?2™m **. it may M to l»" omm»<w 
Hsad « •» ■«*■ JSlTS^cBartl.ol-l^^^Wf- 

see s zz ^rrx^szsxsz ~ 

TT,e distance LI separating the dev.ce rtectrodesS and b ^ an(j , ens of ^eral m.cronv 

savaral nanomows and ss»aral ™««™»'V ^ „ m motion ma, hm a 

A surtaso conduction olactroa-omaW! \ *™» *="™J» „ M pr.pa.ad by laymo . «» film 4 
man ft. .„. MM *> fW- 'A and * ^£"f^ M „ J p* „, opposMy disposed da„c 
including an electroi«.mit»n8 WO" "> a •* ,w " 
„ alactmoss 5 and 6 on the M» f*n ,„ „„„ 10 p rov (oe ^l.r<**» 

■mo electreconductivo thin film 4 is preloraiw a ™» I™ d6 »imined as a function ol mo 

JS, S«t-«» T» «**"•" 01 *: " SS S rtT*. aiacwc r.sistanco MMen ft. 

so Snd structure under certain conditions)^ , inverrtion is between a 
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t0 p fe pare the «. film 4 inching the electron^ * *"* 

thin film 264 including an e.ectron^mrttmg regie « ,263 , wh,ch are ma formjng 3^ 261 

surface conduction electron-emm-ng prinSng or sputtering and 

made of an insulating matenal such as SO* produced by vacu ^ ^ of a flat 

Having a film thickness -espon^g ^ b^ between tens of several nanometers 

surface conduction electron-emrttmg ^ a ? v iSen tens of several nanometers and several microm- 
and tens of several micrometers and P^^^^^^Jn^oducing the step-forming section used there, 
eters. although it is selected as a ^^l^S »or electron emission, 

the vottage to be applied to the dev,ce • Q * 9 ^3d after the device electrodes 265 and 

the invention will be described by referring to Rgs. ^^J^^/^ttiW is deposited on the 
device electrodes 5 and 6, which are then produced by P h0 J^^ ra P" y ^ * d ' ' 

electrodes 5 and 6 

2) An organic metal thin film is formed on the substrate 1 1 between the pa. ^ ^ 

by applying an organic meta, ^"SjTT.SJEfS St^c cUpounT containing as a 
30 organic metal solution as usedhere n refers to a stiubon o : «n 9 Ru Ag ^ ^ 

etching, to produce a thin film 2 for form.ngj » ff^™*" 9 ^ ^ aK9rnat rvei y be formed 

^ZXTZ^^^^' — dippin9 ' 

to as -forming", where a pulse vottage or a ™ ^ ^ fiIm 2 forming an 

from a power source (not shown) to produce an, ^^^^^^^ region that 
£=5S S^I^S^ — - * referred to as an 

electron-emitting region 3. inri.^.nn the tormina operation and the activation 

^ta^WS! -I a J£ system which wil, * 

^,?TJ^£^ of a ga^ system ? deterrnMn g »e ^ 
JSLmMng device having a configura^n « J^^Vtii!^ 
comprises a substrate 1. a pair of dev,ce electrodes 6 J^ 6 "^™ the device current H 

region 3. Otherwise, the gauging system compnses an ammeter 30 ^metenng ^ & 
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^"^,7^^^ connected ,. an amp.*, o, a gas bomb containing 

pulse voltage having a constant pulse height. 1 ^ 

operMon) i. inenMaed at .« ot. * /J""^^** £ " sis «» g,oate, man 1 M own. 

to as the forming voltage Vf. BiBrtrodes to form an electron-emitting 

While a triangular pulse voltage .s appl.ed to the dev^e ^ 0 have . dtfferent wave 

region in an electric forming operation as descnbed ^""J^*^ to of values other than 
form such as rectangular form and the putoe jndth and J* ^^^J,,^ and other values 
those cited above so kmg as they are selected as a ^^^^^X^ *• ,0 ' min 9 
that meet the requirements for forming " device and other 

«™,m Chan** containing MMH n*«l M*j ^^tXlnZ «• 
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i /.ocd a win be seen that the emission current le 

emission current le required lor rts ^«*™- he jnv£mtjon ^ a vapor pr9SS ure 

ogrtc .*««». ana eonWing ^S,". tha. can t» -sod ,o, the 

pjr .r^^rr™^^ - « - - — - «*> 

hP3 « h«t a n«* that can be used for the purpose of the invention include aliphatic hydrocarbons 

may produce a required vapor pressure jnventjon jnc|udes 

Elsies 

150 VTt^C^scribed reasons, the vapor pressure of the organic substances in the activation 
process is preferably between 02 hPa and 5.000 hPa at 20 « C. 

The feeding partial pressure of the organic substances is preferably between 

^a^o^ss is referred to as a high resistance action proces. when the pulse voj^ge 

JJSEil. sunlciently high restive to 
. ,ow resi 

to the fc^mg vol^e ^^esp^^lyje ^ onag p ^ for ^ distinction. 
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the invention with the operating ^l^J^^^^g d9 vice according to the invention is 
Figs. 6A and 6B schematically illustrate how an ««««*™° » ft h ^ FESEM or JEM. 
treated 9 in the high and tow resistance action process* bs^rved ^ ^ ^ g ^ 
Figs. 6A and 6B respectively show schematic ve resist ance activation 

resistance activation process and a ^ <°»**™ ^ZSZ^ « the high potential side 
process (Fig. 6A). carbon and or carbon ^ZTcZZZ^y e£ctric forming, whereas they are 
of the device partly beyond the area 3 def ormed or y Qbseived through a microscope 

only s.ightly deposited on the low P oten ** *^ is found on and near 

having large magnifying power a deposit o ^^^^ on P , h e device e.ectrodes if the 

^ ss oi - ,i,m de " sit is pre,erab,y ,ess 

than 500 angstroms and more preferably less than 3 OM ^9j» ^ carbon ^ 

ir,TX^?^™"* wootd be deposit*. — - — — **• - 

""It" C r.t,"j24 features o. an .U^n-., device according >° •» - 

„ the ative desert manner - be *-X"tel»r P I. device »o»ac 9 V. and the 

Fig. 7 m a or** schematically *sMt.n° * e J*™ 5 "* a„i™, »s»n. ol no. 3. Note thai 

emissL current 1. and the ^ L^Hte^o ^ » »» • "***»*' * ,ar 

islet: : -sr* s^srrjr - — — - - 

Fifslly. an elearorrerrrttina dev.ce ™ ,«„ levs , (wnteh i, referred lo as a 

current le v*er , to *T R oT^,"t. amission current te is practically 

thresh*, vottarj. her*nafle< ^^^^^m^^MMI valua Wh. Werenrly awed, an 

™ icssriii- — » >. «»* - - **• — •• *• to,,ne ' to 

effectively controlled by way of _ te 34 is a r^on ol ma duration ol time of 

TO*,, th. emitted ate** ^JZS^^JZSZ*** char,, captured by the anode 34 

application ot the device voltage VI. m other «oios. ™ ■ ^ wVlfeaDpfea . 

M effectively controtled by «jy - "HS £?n£s£d" at J **.,«mitt.no behavior .. 

rpT JXT Sna^sTr^t^ Tan ima^omun, appa^aa may «nd a 

variety of applications. mnnotonicallv increases relative to the device voltage Vf 

On the other hand, the dev.ce ^^^T^m^^ hereinafter) or changes to 
(as shown by a solid ne .nH Fig^a characteristic (as shown by a broken One in 
show a form ^^^^ *££ SSSSrlin^ Tnese characteristics o. the device 
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is gauged and the environment tor operating the device. The critic* voltage tor the VCNR characteristic to 
become apparent is referred to as the ^ndary voltag^ , VP. h ^ ^ ^ 

Thus, it has been^ d.scove re I th *£VC N ^W c Snditions of the electric forming process, the 
a function of a number of factors .nclud^g the electiic j system 

vacuum conditions of the vacuum system, the vacuum vacuum g au g ing system 

parody when the p^j» of ^o—g *J ■ ^ ^tron- 

^ °'" 9 *~ - ,0S9S ^ 
above identified three features. ^nnhftd 

Now an eiec,™ ^*™™. S * — • P— » »< 
An electron source and her.ce an substrate. EleclroMmiBino devices may be 
[*£ ,7;; =^ F.™ . number o, surface conduction 

, direct (nereinau„ retermd to 9 ids ormodollr, means, 

^^.^"jHlS^Snt^nCSir^^ P-pen**, „ .00 ,0„ direCn 

elecuon^miding "^^1,^ xiLiona. »nng and one .1 the Y-direcfcna! 

^gemem «■ b. de*nbec mm** ^ eiectron^mitting device according t. the 

selected and controlled for electron em.ss.on in response to the input signal by applying P 

sn"-?.^— *• rii d irrr s : sees 

wirings and the n Y-directionaJ wirings to electncally isolate them from each other, tne m a 

■ rnmmmm 

directional wiring 83 at the crosstng thereof. Each of the X-d.rect.onal winngs « an 
5 wirings 83 is draw. ^^eZZTZZL) of each of the surface conduction eiectron^mitting 
d^«!?ol^ ^ 82 and the related one of then 

Sl S C respective connecting wires 85 which are made of a conductive mete, and 
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formed by vacuum deposition, printing or sputtering |. „ ^ of ^ connecting wires 85 

The electroconductive metal matenal of the device ^ may be same or contain 

extending from the m X-directiona. wirings 8 ? and ^n^oa* depending on the former. .« the 
common elements as ingredients, the latter ^^"f^*^*. they may be collectively called 
device e.ectrodes and the connectng surface induction electron-emrtting 

for ST." He —U-O devi.s » and 

scanning the selected row according to an input Signal connected to a modulation signal 

On the other hand, the Y-d.rectional wirings ^.^"Tl ecXe(i column of surface conduction 
general means (not ^ £ n *jSSl « input sign,, 

electron-emitting devices 84 and modulating ™^ te ° conduction electron-emitting dev,ce is 

Note that the drive signal to be applied to each ^J, signalappliedtothedev.ee. 

expressed as the voltage difference of the ^^^^^^ an electron source having 

Now. an image-forming apparatus according » ^ng to Fig. 9 and Figs. 10A and 

a simple matrix arrangement « , Jescri to "g 9 illustrating the basic configure- 
10B. This apparatus may be a d.splay apparatus. ™ y " 8 el9Ctron source substrate 81 of 

«n of the display pane, of the ™f 81. a face plate 96 

- d r:^r;es^ 

itself. If such is the case, an independent rear P'* e j" ™ v "° constituted of a face plate 96. a support 
directly bonded to the support frame 92 so tat the be increaS ed by arranging a 

frame 92 and a substrate 81. The overa ^fJ^^ZZV^ 96 and the rear plate 91. 
number of support members called spacer (not sh°wn) ^Tanaements of fluorescent bodies to form a 
Figs. 10A and 10B schematically illustrate two possible «rf^V jf m display pan el is 

fluorescent film 94. While the fluorescent film 94 ^^^^^ color Stares black 
used for showing black and white pictures^ needs J^W^ ^ referred to as black stripes or 
conductive members 101 and fluorescent bodies 102^ of jrtiich ^ orm ^ Black stnpes 0 r 

members of a black matrix ^'X *^ 

rr r : r ss ~ — ha ^ ,ow ,i9ht 

'Tp!*^ - applying a fluorescent materia, on the g,ass 

substrate regardless of black and white a rcotor display fluore scent film 94. The metal back 

An ordinary metal back 95 is arranged on the .nner surface oMfte tiuo ^ 
95 is provided in order to enhance the luminance ^9^^^ toward the face plate 
from ff. fluorescent bodies and directed to ^J^^^iS beams and to protect the 
96. to use it as an electrode for applying "J^^aTlXhi ^generated inside the enclosure 
fluorescent bodfcs against ^^^^^TZ Seen, film 94 f,n an operation 

f, ' m ^ansparent electrode (not shown) may be formed on the |» p£ 96 fartng the outer surface of the 
fluorescent film 94 in order to raise the conductivity of the £jj£^ B £ -|i , ^ „ etec tron^mittinfl 
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film 94. 

66 
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T.e enclosure 98 is then evacuated by way of an exhaust pipe (not shown, to a degree o. vacuum of 
approximately 10"* and hermetocaJly sealed ^ pjpe m shown) a 

Atter evacuating the enclosure to a des.red degree °' ^" u ™ y J termjnals Dx1 Dxm 
vottage is applied to the device e,e * f0d9 ^ are fed in under a 

and Dy1 through Dyn for a form.ng ^^^T^Z^mnQ region 3 of the device, 
vacuum condition for an activation process ,ru £« £ produce £££££ g ja^ ^ ^ 
Most preferably, a baking operation .seamed <xi t at 80 C ^ 200 o ^ ^ 

vacuum system in the enclosure is swuched * » ^ intended to ensure the 

like. The switch to an ultra-high va ~ um s ^ e ™ increasing characteristic (Ml 

surface conduction electrorvemitting dev.ee a «M*to* M ^ xhis ob] ^ we may 

characteristic) for both the dev.ee current tt J^^^ t J^ 0 ^ may be carried out after 
be achieved by some other means under ^^J^^Z^ A getter operation is an operation 
sealing the enclosure 98 in order to ma.ntam that degree of vacuum m rt A g ^ of after 

of heating a getter (not shown) arranged at agrven ^^^^^ . vapor deposit 
sealing the enclosure 98 by res.stance " N J5J22?S IhTtomed vapor deposition film can 

film. A getter norma.ly contains Ba as a P" nc ^ , 
typically maintain the inside of the enclosure to * a ^ n ^ y ^^ g J ion as described above 
An image-forming apparatus accord.ng to "^^^J^J way 0 ? the external terminal Dox1 
is operated by applying a voltage to each ^^^^ii^^^ ^ «* «'«* ons - Meanwhi,e ' 
though Doxm and Doyt through W 1* (not shown) by way of high 

XSS — cause'them to coHide with the fluorescent fi ,m 9, 
which by turn is energized to emit light to «splay intended .rnages_ , us according 

While the configuration of a display panel to b ° ™^ of the 

t0 the invent is o = above, ^^T^^lm may appropriately be used 

iTc?r^^^— as muse - °* 9r hi9h 

realized on the basis of the present invention. 

35 

Examples 

Now. the present invention will be described in greater detail by way of examples. 
40 Example 1 

PM *. ,, * ia and bw «m *. ^'isstsssss; n »» - » « 

Note that the reference numeral in Fig. 11 denote respective w ^ 

JSU •> ■*•*>» to Rgs. , A and IB and Rgi 2A thresh 2C. 

Step A: 

66 After roughly Ceansing a soda Hmeglass pSTSTS U 

thickness of 0.5 microns by sputtering to produce a substrate ^« etectrodes 5 and 6 and 
2000N-41: available from Hitachi Chemical Co.. Ltd.) was formed for a pair ot cKmoe eiecrr 
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a r. a nH Ni wore seauentiaily deposited thereon respectively to 



L1 of 3 microns. 
Step B: 



JO 



15 



. i*h trt 9 film thickness of 1 000 A by vacuum deposition, which was then subjected to 
A Cr film was formed to a film thickness , o -MW > « y pharmaceutical Co., Ltd.) was 

a patterning operation. Thereafter, organ.c Pd <ccp4230 ™*™> ™ "™ c fQr 10 minutes t0 

applied to the Cr film by means of a containing Pd 

produce a thin film 2 for forming an e »a™«^* reg,on, ^which was £^ ^ ^ 

as a principal ingredient and had a film "Jj^^,, t0 . thin film constituted of a 



described states. 



20 Step C: 

Cr film and the baked thin film 2 lor forming an MMoWg «•» <**•« »" »*» " 

25 produced on the substrate 1 . 



Step D: 



30 
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40 



45 



50 



65 



source 31 provided there for applying a device voltage Vf to the device, ng. 

voltage used for the electric forming process. interval of the applied pulse 

T2 to determine the current resistance of the device. ™rfcnwng 2^T«LmalBly 1 M ohms. In 
tar the resistance measuring pulse voHages showed a reader rf e o approx y ^ 

the experiment, the reading of the gauge for the formmg voltage Vform was s.i v. 



Step E: 



Two pairs of deuces that had undergone a forming process w^su^cted to an action process, 
where voltages having a rectangular waveform 2^^J3iJ?Sactad to a low resistance 
respectively applied to each pair of device^ Hereinafte . ^J£t«m£ subjected t0 a hign 

activation process with 4 V ^.^^^^J^S B. In «J J activation process, the above 
resistance activation process with u *^£ t ^£££ a of respective devices in the gauging 
described pulse voltages were applied to the d8V ™ ™* r ^ °™ cu ^ nt te . ne degree of vacuum 
system C Fig. 3 ^C^^^^ ?» minutes for 

in the gauging system ot Pig. a was 1.0 * 

"tl^ region 3 was then formed on each of the devices to produce a compete eie*o». 

through a microscope. 
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* fh Q Hicisnrfl between the anode and the electron^mitting device was 4 mm 
in the above °f^ a "^^ in the vacuum chamber of the system 

and the potential of the anode was 1 kV. while the ™ u v was |jed ^toee* 

was held to 1 x 10" torr throughput the gaug.ng operauu,, « — 

emission 

the device electrodes 5. 6 of each of the f^^^^Zg^n to flow through the device 
current le under that condition. A dev.ce current « ■ of ^^^ITeoJed and the emisston current to 
A immediately after *£Z ^ the device current . and the 

3,50 Sh0W9d intt' in' me S^^STS o, measurement A device current ■ of 2.0 mA and an 
em,ss.on current to « the deuce B j ^o ^ ^ y <o m MQn n 

em.ss.on curre t to ^ wil , te ^ ^ ^ device A showed a large and unstabto dev.ce 

SET! n the ^™~ment whereas the device B proved to be stable and have an 
excenent e.ectron emission efficiency > from ^^^"35^5 x ^ torr for a device B and 

V and then showed a ^^mo^^^ above me 5 V level T£ ^ ^ 

to Pi 9 s. 6B and 6A respec** J. Prom Erodes that had been 

device ^^^^^ U J^T^JTf^ mainly on the high potential ade from part of 

Example 2 

, to this example, a .arge number of surface conduction electron-emming devices were arranged to a 
simple matrix arrangement to produce an ^e-torm.ng apparatus. 
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Step A: 

desired profile (Fig. 15A). 
to Step B: 

A silicon oxide film was formed as an interlayer insulation layer 141 to a thickness of 1.0 micron by RF 
sputtering (Fig. 15B). 

»5 Step C: 

a nhotoresist pattern was prepared for producing a contact hole 142 in the silicon oxide film deposited 
in sfeo B which Set hTe ^as then actually formed by etching the interlayer insulation layer using 
L photo^Sp^rn for a mask. RIE (Reactive Ion Etching) using CF, and H 2 gas was employed for the 

20 etching operation (Fig. 15C). 

Step D: 

ense^^. p* - 5 and 6 havina a wid,h wi of 300 m,crons 

separated from each other by a distance G of 3 microns (Fig. 15D). 
Step E: 

After forming a photoresist pattern on the device electrodes 5, 6 for upper wirings 8VTi and Au were 

desired profile (Fig. 16E). 
Step F: 

A mask ol the thin film 2 was prapared lor lorn*, » 

H ^^ZmteM 1(0*230: available from Okuno Pharmaceutical Co., Ltd.) was applied to 
rSlT^s Sr S pinner^i.e rotating the film, and baked a, 300-0 for 10 minutes tc . produce a 
£. ml 2 for £2* an electron-emitting region, which was made of fine particles conning P d as a 

llT^l^Zs ^T^ K»se.y dispersed, tightly arranged or mutuaHy and randomjy 
£Z£L ^0^2 « under cltain conditions). The diameter of fine particles tobe ^6 
ZS^Tlm present invention is that of recognizable fine particles arranged ,n any of the above 

described states (Fig. 16F). 
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Step G: 

65 The Cr film 151 and the baked thin film 2 for forming an electron^mitting region were etched by using 



an 



acidic etchant to produce a desired pattern (Fig. 16G). 
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Step H: 

P , 0P „« t, * '^ris ^si-s in. <• 

nm and 500 nm. Any unnecessary areas were remuvw y 

bury the contact hole 142. wirinas 83, a pair of device electrodes 

'"l an exp^men,. . -0— *• •^ZFTiZ'SS liST" """ 

m l. . ™ - ^rsr^ **- 

A substrate 81 carry.ng thereon a large numDer o • gi d ^3,^ a face 

prepared according to the above described ^^^Jff^^^^,^ 93) was arranged 
plate (prepared by forming a fluorescent Mm 94 and a metal I « ck 9 ^ 0" ^9 tQ 
5 Jabove the substrate 81 by interposmg a JJ^tj" which'were then baked at 

^ Tpr^. -fere^ **« a " d num "* 82 ** 83 reSPeCliV6,y 

denotes X-directional wirings and Y-directional wirings^ j{ me ifT>ag e-forming apparatus 

While the fluorescent film 94 may ^ ^ *. gaps'separating the black 

is for black and whrte p.ctures, firmly black str.pes s were ar g f | UO rescent film 94 in 

snipes were conning graphne as a principal 

this experiment. The black snipes were rn«j i~k , method, 

ingredient TO. fluorescent bod«.s „"e,cent lilm 94. In this expenment. 

"IS Icesce* bodies were c-uUy a« 9 ned wim ,h. ,espe*e eKK*on-emmin, de*». b*>re the 

above described bonding operation. exhaust pipe (not shown) and an 

The prepared glass container w.s then evacuat* lb, means ol»«*a«PP^ ^ 2 ^ 

exhaust Jimp tt> achieve a Solent J^"™ "^£X£ln. where . ve»ag. was 
the electror«mitting devices <X were s«***J° iLSodevS! « by-ay ot the ^mal terminals 

J£Z£n was ^ « in vacuum ot a *sgree - £ ^ „ fc otecMn . 

so forming and activation processes. ultra-high vacuum device to a 

. o^ma^ caused to en* 

The electorH»rtt»ng devrces ot ». trbove image wnmg war ^ mam (Ml rtTOn) 
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75 



20 



=^?~=^^~^-— ~ 

brightness of 100 fL to 150 fL of a television set. 
Example 3 

an of the device had a film thickness of 10 nm and an electnc res.stance per un.t 

11 TsxrtM CWherwise. the devices were same as their counterparts of Example 1 . 
area of 5 x iir u/u. vnwiwiao. u position and the inside was evacuated by 

Then, a gauging system as iMM"^ 3 was set .n pos tio^ was 

^^iT^ZS^-ion) of the applied pulse voltage was increased stepwise with a step of 
oTv S theVorming operation, a resistance measuring pulse voltage of 0.1 V was inserted dunng each 
T2 to Sto M current resistance of the device. The forming operation and the appl.cat.on £ the 
voltl to tl devfce were terminated when the gauge for the resistance measunng pu.se vottagos ^owed 
a Sing of resTstonce of approximated 1 M ohms, .n the experiment, the read.ng of the gauge for the 

^Fp^^^"- t»" subjected to an activation process in an atmosphere containing 
acetone S a vapor pressure of 233 hPa at 20-Q to a pressure of approx.mately 1 x 10"* torr for 20 

which wl 10 L^ds S ^10 y mi,.iseconds in the experiment. The wave height of the rectangu.ar 
^ereatten the vacuum chamber of the gauging system was evacuated further to approximately 1 x 

the pulse width was 30 usee., 100 usee, and 300 usee. 
Example 4 

Device specimens were prepared under conditions same as those of Example 3 except that n-dodecan 
device when tested under the conditions same as those of Example 3. 
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55 Example 5 



Device specimens were prepared under conditions same as those of Example 3 except that the 
mJSZvZZZ camad out for two hours by using formaldehyde (having a vapor pressure of 4.370 
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hPa at 20 • C) in place of acetone. f ^3^,9 3 above 

to prove an electron emission efficiency 8 ot 0.02%. 
Example 6 

iw.ce soecimens were prepared under conditions same as those of Example 3 except that n-hexane 
Dev.ce spec-men were p pa ^ ^ process 

device when tested under the conditions same as those of Example 3. 
»s Example 7-a 

device when tested under the conditions same as those of Example 3. 
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Example 7-b 

device when tested under the conditions same as those of Example 3. 
as Example 8 

u m example n imag»*m*g apparatus raqrtMg a law »»*« otsurface conduction alactror,- 

"^JSSST- 'ac^cTccSrtT. °cL,»e. «as ava»a»d prc*» ~~> «~- 
56 emitting devices. fl00arahis baked at 120* C for 10 hours in vacuum of a degree of 

pipe (not shown) by means of a gas burner. 
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Finally the apparatus was subjected to a getter process using a high frequency heating technique in 
order to maintain the degree of vacuum in the apparatus after the sealing operation. A getter contaming Ba 
as a principal component had been arranged in a predetermined position (not shown) before hermetically 
sealing the enclosure to form a film inside the enclosure through vapor deposition. 

The electron-emitting devices of the above image-forming apparatus were then caused to emit 
electrons by applying a scan signal and a modulation signal from a signal generating means (not shown) 
throuoh the external terminals Dx1 through Dxm and Dy1 through Dyn and the emitted electrons were 
accelerated by applying a high voftage of 7 kV to the metal back 95 or the transparent electrodes (not 
shown) via the high voltage terminal Hv so that they collides with the fluorescent film 94 until the latter was 
energized to emit light and produce an image. 

Example 9 

This example deals with an image-forming apparatus comprising a large number of surface conduction 
electron-emitting devices and control electrodes (grids). 

Since an apparatus to be dealt in this example can be prepared in a way as described above 
concerning the image-forming apparatus of Example 2. the method of manufacturing the same will not be 
described any further. 

The configuration of the apparatus will be described in terms of the electron source of the apparatus 
prepared by arranging a number of surface conduction electron-emitting devices. 

Figs. 17 and 18 are schematic plan views of two different substrates of electron source alternatively 
used in the image-forming apparatus of Example 9. 

Firstly referring to Fig. 17. S denotes an insulator substrate typically made of glass and ES denotes an 
surface conduction electron-emitting device arranged on the substrate S and shown in a dotted circle, 
whereas E1 through E10 denote wiring electrodes for wiring the surface conduction electron-emitting 
devices which are arranged in columns on the substrate along the X-direction (hereinafter referred to as 
device columns). The surface conduction electron-emitting devices of each device column are electrically 
connected in parallel with each other by a pair of wiring electrodes. (For instance, the devices of the first 
device column are connected in parallel with each other by the wiring electrodes E1 and E10.) 

In the apparatus of this example comprising the above described electron source, the electron source 
can drive any device column independently by applying an appropriate drive voltage to the related wiring 
electrodes. More specifically, a voltage exceeding the electron emission threshold level is applied to the 
device columns to be driven to emit electrons, whereas a voltage below the electron emission threshold 
level (e.g., 0 V) is applied to the remaining device columns. (A drive voltage exceeding the electron 
emission threshold level is referred to as VE[Vl hereinafter.) 

In Rg 18 illustrating another electron source that can be used for this example, S denotes an insulator 
substrate typically made of glass and ES denotes an surface conduction electron-emitting device arranged 
on the substrate S and shown in a dotted circle, whereas F1 through E'6 denote wiring electrodes for 
wiring the surface conduction electron-emitting devices, which are arranged in columns on the substrate 
along the X-direction. The surface conduction electron-emitting devices of each device column are 
electrically connected in parallel with each other by a pair of wiring electrodes. Additionally, in th.s 
alternative electron source, a single wiring electrode is arranged between any two adjacent dev.ee columns 
to serve for the both columns. For instance, a common wiring electrode F2 serves for both the first device 
column and the second device column. This arrangement of wiring electrodes is advantageous in that, if 
compared with the arrangement of Fig. 17. the space separating any two adjacent columns of surface 
conduction electron-emitting devices can be significantly reduced. 

In the apparatus of this example comprising the above described electron source, the electron source 
can drive any device column independently by applying an appropriate drive voltage to the related winng 
electrodes. More specifically. VE[V] is applied to the device columns to be driven to emrt electrons, 
whereas 0 V is applied to the remaining device columns. For instance, only the devices of the th.rd column 
can be driven to operate by applying 0 V to the wiring electrodes E'1 through E'3 and VEfV] to ttie wring 
electrodes E'4 through F6. Consequently, VE-0=VE(V] is applied to the devices of the third column, 
whereas 0[V] 0-0=0[V] or VE-VE = 0TV1. is applied to all the devices of the remaining columns. Likewise, 
the devices of the second and the fifth columns can be driven to operate simultaneously by applying OTV] to 
the wiring electrodes EM. E'2 and E'6 and VE(V] to the wiring electrodes E'3, E'4 and E'5. In this way. the 
devices of any device column of this electron source can be driven selectively. 

While each device column has twelve (12) surface conduction electron-emitting devices arranged along 
the X-direction in the electron sources of Figs. 17 and 18. the number of devices to be arranged in a device 
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column is not limited thereto and a greater number of devices may alternatively be arranged. Additionally, 
while there are five (5) device columns in each of the electron sources, the number of device columns .s not 
limited thereto and a greater number of device columns may alternatively be arranged. 

Now a panel type CRT incorporating an electron source of the above described type will be described. 

Fig "l9 is a schematic perspective view of a panel type CRT incorporating an electron source as 
illustrated in Fig 17 In Fig. 19. VC denotes a glass vacuum container provided with a face plate FP for 
displaying images. A transparent electrode is arranged on the inner surface of the face plate PH and red. 
oreen and blue fluorescent members are applied onto the transparent electrode in the form of a mosaic or 
stripes without interfering with each other. To simplify the illustration, the transparent electrodes and the 
fluorescent members are collectively indicated by PH in Fig. 19. A black matrix or black stripes known in 
the field of CRT may be arranged to fill the blank areas of the transparent electrode that are not occupied 
by the fluorescent matrix or stripes. Similarly, a metal back layer of any known type may be arranged on 
the fluorescent members. The transparent electrode is electrically connected to the outside of the vacuum 
container by way of a terminal EV so that an voltage may be applied thereto in order to accelerate electron 

In Fig 19 S denotes the substrate of the electron source rigidly fitted to the bottom of the vacuum 
container VC ' on which a number of surface conduction electron-emitting devices are arranged as 
described above by referring to Rg. 17. More specifically, a total of 200 device columns, each having 200 
devices are arranged on the substrate. Each device column is provided with a pair of wiring electrodes and 
the wiring electrodes of the apparatus are connected to the electrodes terminals Dpi through Dp200 and 
Dm1 through Dm200 arranged on the respective opposite sides of the panel in an alternate manner so that 
electric drive signals may be applied to the devices from outside of the vacuum container. 

In an experiment using a finished glass container VC (Fig. 19). the container was evacuated to a 
sufficient degree of vacuum via an exhaust pipe (not shown) by means of an vacuum pump and. thereafter, 
the electron-emitting devices ES were subjected to an electric forming operation, where a voltage was 
applied to the devices by way of the external terminals DP1 through DP200 and Dml through Dm200. The 
voltage used in the forming operation had a waveform same as the one shown in Rg. 4B. In the expenment. 
Tl and T2 were respectively 1 milliseconds and 10 milliseconds and the electric forming operation was 
carried out in vacuum of a degree of approximately 1 x 10" 5 torr. 

Thereafter the devices were subjected to an activation process, where acetone was introduced into the 
glass container to a pressure of 1 x 10^ torr and a voltage was applied to the electron-emitting devices ES 
via the external terminals Dpi through Dp200 and Dm1 through Dm200. Then, the acetone contained in the 
container was evacuated to produce finished electron-emitting devices. 

Dispersed fine particles containing palladium as a principal ingredient were observed in the electron- 
emitting region of each device that had been produced in the above process. The fine particles had an 
average particle size of 30 angstroms. Subsequently, the vacuum system used for the experiment was 
switched to an ultra-high vacuum system comprising an oil-free ion pump. Thereafter, the components of 
the apparatus was baked at 120* C tor a sufficient period of time in vacuum of a degree of approximately 1 

X ^eTthe enclosure was hermetically sealed by melting and closing the exhaust pipe (not shown) by 
means of a gas burner. 

Rnally the apparatus was subjected to a getter process using a high frequency heating technique in 
order to maintain the degree of vacuum in the apparatus after the sealing operation and finish the operation 
of preparing the image-forming apparatus. 

Stripe-shaped grid electrodes GR are arranged between the substrate S and the face plate. There are 
provided a total of 200 grid electrodes GR arranged in a direction perpendicular to that of the device 
columns (or in the Y-directon) and each grid electrode has a given number of openings Gh for allowing 
electron beams to pass therethrough. More specifically, while a circular opening Gh is typically provided for 
each surface conduction electron-emitting device, the openings may alternatively be realized in the form of 
a mesh The grid electrodes are electrically connected to the outside of the vacuum container via respective 
electric terminals G1 through G200. Note that the grid electrodes may be differently arranged in terms of 
shape and location from those of Rg. 10 so long as they can successfully modulate electron beams emitted 
from the surface conduction electron-emitting devices. For instance, they may be arranged around or in the 
vicinity of the surface conduction electron-emitting devices. 

The above described display panel comprises surface conduction electron-emitting devices arranged in 
200 device columns and 200 grid electrodes to form an X-Y matrix of 200 x 200. With such an arrangement, 
an image can be displayed on the screen on a One by line basis by applying a modulation signal to the grid 
electrodes for a single line of an image in synchronism with the operation of driving (scanning) the surface 
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conduction electron-emitting devices on a column by column basis to control the irradiation of electron 

beams onto the fluorescent film. . . c; „ 1Q .„ 

Fig 20 is a block diagram of an electric circuit to be used for driving the display panel of Fig. 19. In 
Fig 20. the circuit comprises the display panel 1000 of Fig. 19. a decode circuit 1001 for decoding 
composite image signals transmitted from outside, a serial/parallel conversion circuit 1002 a line memory 
S modulation signal generation circuit 1004. a timing control circuit 1005 and a scan signa^enerating 
drcrt 1006. The electric terminal of the display pane. 1000 are connected to the related circuity 
Soecificallv the terminal' EV is connected to a voltage source HV for generating an acceleration voltage of 
l0[kV] and the terminals G1 through G200 are connected to the modulation signal generation , circuit 1004 
while the terminals Dpi through Dp200 are connected to the scan signal generation c.rcu.t 1006 and the 
terminals Dm1 through Dm200 are grounded. ■ - -. 

Now how each component of the circuit operates will be described. The decode c.rcu.t 1001 .s a c.rcu.t 
for decoding incoming composite image signals such as NTSC television signals and separating bnghtness 
signals and synchronizing signals from the received composite signals. ™ ^T^i^n ITcA 
serial/parallel conversion circuit 1002 as data signals and the latter are forwarded to the timing contro 
circuitTooS as Tsync signals. In other words, the decode circurt 1001 rearranges the values of bnghMtf 
the primary colors of RGB corresponding to the arrangement of color pixels of the d.splay panel 1000 and 
serially transmits them to the serial/parallel conversion circuit 1002. It also extracts verhw and honzontal 
synchronizing signals and transmits them to the timing control circuits 1005. The tim.ng control circuit 1005 
generates various timing control signals in order to coordinate the operational timings of drfferen compo- 
nents by referring to said synchronizing signal Tsync. More specifically, it transmits Tsp signals to the 
serial/parallel conversion circuit 1002. Tmry signals to the line memory 1003. Tmod signals to the 
modulation signal generation circuit 1004 and Tscan signals to the scan signal generation circuit 005. 

The serial/parallel conversion circuit 1002 samples brightness signals Data it receives from the decode 
circuit 1001 on the basis of timing signals Tsp and transmits them as 200 parallel signals II through B00 to 
the line memory 1003. When the serial/parallel conversion circuit 1002 completes an operation of 
serial/parallel conversion on a set of data for a single line of an image, the timing control circuit 1005; a , wnte 
timingoontro. signal Tmry to the line memory 1003. Upon receiving the signal Tmry. rt storesth .intents 
of the signals 11 through I200 and transmits them to the modulation signal generation circuit 1004 as signals 
30 H through l'20O and holds them until it receives the next timing control signal Tmry. 

The modulation signal generation circuit 1004 generates modulation signals to be applied to the grid 
electrodes of the display panel 1000 on the basis of the data on the brightness of a single me of an .mage 
H receives from the line memory 1003. The generated modulation signals are simultaneously applied to £e 
modulation signal terminals G1 through G200 in correspondence to a timing control signal Tmod j>*™ated 
by the timing control circuit 1005. While modulation signals typically operate in a voltage modulation mode 
Jiere the voltage to be applied to a device is modulated according to the data on the ^bnghjiess of an 
image, they may alternatively operate in a pulse width modulation mode where the ength of the pulse 
voltaqe to be applied to a device is modulated according to the data on the brightness of an .mage. 

The scanlignal generation circuit 1006 generates voltage pulses for driving the device columns of ttie 
surface conduction electron-emrtting devices of the display panel 1000. It operates to turn on and off tt»e 
switching circuits it comprises according to timing control signals Tscan generated by the tjm.ng control 
circuit 1O05 to apply either a drive voltage VEfV] generated by a constant voltage 

the threshold level for the surface conduction electron-emitting devices or the ground potential level (0[V» 
to each of the terminals Dpi through Dp200. 

As a result of coordinated operations of the above described circuits, drive signals are applied to the 
display panel 1000 with the timings as illustrated in the graphs of Rgs. 21A through 21 F Figs. 21* "rough 
21D show part of signals to be applied to the terminals Dpi through Dp200 of the d.splay 'panel from the 
scan signal generation circuit 1006. It is seen that a voltage pulse having an amplitude of VEM b apphed 
seauentiallv to Dpi. Dp2. Dp3. ... within a period of time for display a single line of an image. On the other 
STSS^I^ ™ Dm200 are constantly grounded and held to 0M, the dev,ce 

columns are sequentially driven by the voltage pulse to emit electron beams from the first column. 

In synchronism of this operation, the modulation signal generation circuit 1004 applies ™duabon 
signals to the terminals G1 through G200 for each line of an image with the timing as shown by the dotted 
line in Fig 21 F Modulation signals are sequentially selected in synchornism with the selection of scan 
56 signals until an entire image is displayed. By continuousry repeating the above operation, moving .mages 
are displayed on the display screen for television. 

A flat panel type CRT comprising an electron source of Rg. 17 has been descnbed above. Now. a 
panel type CRT comprising an electron source of Fig. 18 win be described below by referring to Rg. 22. 
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The panel type CRT of Fig. 22 is realized by replacing the electron source of the CRT of Fig. 19 with 
the one illustrated in Fig. 18. which comprises an X-Y matrix of 200 columns of electron-emitting devices 
and 200 grid electrodes. Note that the 200 columns of surface conduction electron-emitting devices are 
respectively connected to 201 wiring electrodes E1 through E201 and, therefore, the vacuum container is 

5 provided with a total of 201 electrode terminals Ex1 through Ex201 . 

In an experiment using a finished glass container VC (Fig. 22), the container was evacuated to a 
sufficient degree of vacuum via an exhaust pipe (not shown) by means of a vacuum pump and, thereafter, 
the electron-emitting devices ES were subjected to an electric forming operation, where a voltage was 
applied to the devices by way of the external terminals Ex1 through Ex201. The voltage used in the forming 

70 operation had a waveform same as the one shown in Fig. 4B. In the experiment, T1 and T2 were 
respectively 1 milliseconds and 10 milliseconds and the electric forming operation was carried out in 
vacuum of a degree of approximately 1 x 10" 5 torr. 

Thereafter, the devices were subjected to an activation process, where acetone was introduced into the 
glass container to a pressure of 1 x 10" 4 torr and a voltage was applied to the electron-emitting devices ES 

is via the external terminals Dpi through Dp200 and Dml through Dm200. Then, the acetone contained in the 
container was evacuated to produce finished electron-emitting devices. 

Dispersed fine particles containing palladium as a principal ingredient were observed in the electron- 
emitting region of each device that had been produced in the above process. The fine particles had an 
average particle size of 30 angstroms. Subsequently, the vacuum system used for the experiment was 

20 switched to an ultra-high vacuum system comprising an oil-free ion pump. Thereafter, the components of 
the apparatus was baked at 120° C for a sufficient period of time in vacuum of a degree of approximately 1 
x 10 -6 torr. 

Then, the enclosure was hermetically sealed by melting and closing the exhaust pipe (not shown) by 
means of a gas burner. 

25 Finally, the apparatus was subjected to a getter process using a high frequency heating technique in 
order to maintain the degree of vacuum in the apparatus after the sealing operation and finish the operation 
of preparing the image-forming apparatus. 

Fig. 23 shows a block diagram of a drive circuit for driving the display panel 1008. This circuit has a 
configuration basically same as that of Fig. 20 except the scan signal generation circuit 1007. The scan 

30 signal generation circuit 1007 applies either a drive voltage VEfVl generated by a constant voltage source 
DV and exceeding the threshold level for the surface conduction electron-emitting devices or the ground 
potential level (0[V]) to each of the terminals of the display panel. Figs. 24A through 24I show the timings 
with which certain signals are applied to the display panel. The display panel operates to display an image 
with the timing as illustrated in Fig. 24A as drive signals shown in Figs. 24B through 24E are applied to the 

35 electrode terminals Ex1 through Ex4 from the scan signal generation circuit 1007 and, consequently, 
voltages as shown in Figs. 24F through 24H are sequentially applied to the corresponding columns of 
surface conduction electron-emitting devices to drive the latter. In synchronism with this operation, 
modulation signals are generated by the modulation signal generation circuit 1004 with the timing as shown 
in Fig. 241 to display images on the display screen. 

40 An image-forming apparatus of the type realized in this example operates very stably, showing full color 
images with excellent gradation and contrast. 

Example 10 

45 Fig. 25 is a block diagram of the display apparatus comprising an electron source realized by arranging 
a number of surface conduction electron-emitting devices and a display panel and designed to display a 
variety of visual data as well as pictures of television transmission in accordance with input signals coming 
from different signal sources. Referring to Fig. 25, the apparatus comprises a display panel 25100, a display 
panel drive circuit 25101, a display controller 25102, a multiplexer 25103, a decoder 25104, an input/output 

60 interface circuit 25105, a CPU 25106, an image generation circuit 25107, image memory interface circuits 
25108, 25109 and 25110, an image input interface circuit 25111, TV signal receiving circuits 25112 and 
25113 and an input section 25114. (If the display apparatus is used for receiving television signals that are 
constituted by video and audio signals, circuits, speakers and other devices are required for receiving, 
separating, reproducing, processing and storing audio signals along with the circuits shown in the drawing. 

65 However, such circuits and devices are omitted here in view of the scope of the present invention.) 

Now, the components of the apparatus win be described, following the flow of image data therethrough. 
Firstly, the TV signal reception circuit 251 13 is a circuit for receiving TV image signals transmitted via a 
wireless transmission system using electromagnetic waves and/or spatial optical telecommunication net- 
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works The TV signal system to be used is not limited to a particular one and any system such as NTSC. 
PAL or SECAM may leasibly be used with it. It is particularly suited for TV signals involving a larger 
number of scanning lines (typically of a high definition TV system such as the MUSE system) because it 
can be used for a large display panel comprising a large number of pixels. The TV signals receded by the 

s TV signal reception circuit 251 13 are fowarded to the decoder 25104. 

Secondly the TV signal reception circuit 25112 is a circuit for receiving TV image signals transmitted 
via a wired transmission system using coaxial cables and/or optical fibers. Like the TV signal reception 
circuit 25113. the TV signal system to be used is not limited to a particular one and the TV signals received 
by the circuit are forwarded to the decoder 25104. 

70 The image input interface circuit 251 1 1 is a circuit for receiving image signals forwarded from an image 
input device such as a TV camera or an image pick-up scanner. It also forwards the received image signals 
to the decoder 25104. 

The image memory interface circuit 251 10 is a circuit for retrieving image signals stored in a video tape 
recorder (hereinafter referred to as VTR) and the retrieved image signals are also forwarded to the decoder 

'5 25104. ^ m 

The image memory interface circuit 25109 is a circuit for retrieving image signals stored in a video disc 

and the retrieved image signals are also forwarded to the decoder 25104. 

The image memory interlace circuit 25108 is a circuit for retrieving image signals stored in a device for 
storing still image data such as so-called still disc and the retrieved image signals are also forwarded to the 
20 decoder 25104. 

The input/output interface circuit 25105 is a circuit for connecting the display apparatus and an external 
output signal source such as a computer, a computer network or a printer. It carries out input/output 
operations for image data and data on characters and graphics and, if appropriate, for control signals and 
numerical data between the CPU 25106 of the display apparatus and an external output signal source. 

25 The image generation circuit 25107 is a circuit for generating image data to be displayed on the display 
screen on the basis of the image data and the data on characters and graphics input from an external 
output signal source via the input/output interface circuit 25105 or those coming from the CPU 25106. The 
circuit comprises reloadable memories for storing image data and data on characters and graphics, read- 
only memories for storing image patterns corresponding given character codes, a processor for processing 

30 image data and other circuit components necessary for the generation of screen images. 

Image data generated by the circuit for display are sent to the decoder 25104 and. if appropnate. they 
may also be sent to an external circuit such as a computer network or a printer via the input/output interface 

circuit 25105. M . .. 

The CPU 25106 controls the display apparatus and carries out the operation of generating, selecting 

35 and editing images to be displayed on the display screen. 

For example, the CPU 25106 sends control signals to the multiplexer 25103 and appropnately selects 
or combines signals for images to be displayed on the display screen. At the same time it generates control 
signals for the display panel controller 25102 and controls the operation of the display apparatus in terms of 
image display frequency, scanning method (e.g.. interlaced scanning or non-interlaced scanning), the 

«o number of scanning lines per frame and so on. 

The CPU 25106 also sends out image data and data on characters and graphic directly to the image 
generation circuit 25107 and accesses external computers and memories via the input/output interface 
circuit 25105 to obtain external image data and data on characters and graphics. The CPU 25106 may 
additionally be so designed as to parfjcpate other operations of the display apparatus including the 

« operation of generating and processing data like the CPU of a personal computer or a word processor. The 
CPU 25106 may also be connected to an external computer network via the input/output interface circuit 
25105 to carry out computations and other operations, cooperating therewith. 

The input section 25114 is used for forwarding the instructions, programs and data given to it by the 
operator to the CPU 25106. As a matter of fact, it may be selected from a variety of input devices such as 

so keyboards, mice, joy sticks, bar code readers and voice recognition devices as well as any combinations 

thereof. . mm 

The decoder 25104 is a circuit for converting various image signals input via said circuits zsiuv 
through 25113 back into signals for three primary colors, luminance signals and I and Q signals. Preferably, 
the decoder 25104 comprises image memories as indicated by a dotted line in Fig. 25 for dealing with 
65 television signals such as those of the MUSE system that require image memories for signal conversion. 
The provision of image memories additionally facilitates the display of still images as well as such 
operations as thinning out. interpolating, enlarging, reducing, synthesizing and editing frames to be 
optionally carried out by the decoder 25104 m cooperation with the image generation circuit 25107 and the 
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CPU 25106. 

The multiplexer 25103 is used to appropriately select images to be displayed on the display screen 
according to control signals given by the CPU 25106. In other words, the multiplexer 25103 selects certain 
converted image signals coming from the decoder 25104 and sends them to the drive circuit 25101. K can 
5 also divide the display screen in a plurality of frames to display different images simultaneously by 
switching from a set of image signals to a different set of image signals within the time period for displaying 
a single frame. 

The display panel controller 25102 is a circuit for controlling the operation of the drive circuit 25101 
according to control signals transmitted from the CPU 25106. 

io Among others, it operates to transmit signals to the drive circuit 25101 for controlling the sequence of 
operations of the power source (not shown) for driving the display panel in order to define the basic 
operation of the display panel. It also transmits signals to the drive circuit 25101 for controlling the image 
display frequency and the scanning method (e.g., interlaced scanning or non-interlaced scanning) in order 
to define the mode of driving the display panel. 

is If appropriate, it also transmits signals to the drive circuit 25101 for controlling the quality of the images 
to be displayed on the display screen in terms of luminance, contrast, color tone and sharpness. 

The drive circuit 25101 is a circuit for generating drive signals to be applied to the display panel 25100. 
It operates according to image signals coming from said multiplexer 25103 and control signals coming from 
the display panel controller 25102. 

20 A display apparatus according to the invention and having a configuration as described above and 
illustrated in Fig. 25 can display on the display panel 25100 various images given from a variety of image 
data sources. More specifically, image signals such as television image signals are converted back by the 
decoder 25104 and then selected by the multiplexer 25103 before sent to the drive circuit 25101. On the 
other hand, the display controller 25102 generates control signals for controlling the operation of the drive 

25 circuit 25101 according to the image signals for the images to be displayed on the display panel 25100. 
The drive circuit 25101 then applies drive signals to the display panel 25100 according to the image signals 
and the control signals. Thus, images are displayed on the display panel 25100. All the above described 
operations are controlled by the CPU 25106 in a coordinated manner. 

The above described display apparatus can not only select and display particular images out of a 

30 number of images given to it but also carry out various image processing operations including those for 
enlarging, reducing, rotating, emphasizing edges of, thinning out, interpolating, changing colors of and 
modifying the aspect ratio of images and editing operations including those for synthesizing, erasing, 
connecting, replacing and inserting images as the image memories incorporated in the decoder 25104, the 
image generation circuit 25107 and the CPU 25106 participate such operations. Although not described with 

35 respect to the above embodiment, it is possible to provide it with additional circuits exclusively dedicated to 
audio signal processing and editing operations. 

Thus, a display apparatus according to the invention and having a configuration as described above can 
have a wide variety of industrial and commercial applications because it can operate as a display apparatus 
for television broadcasting, as a terminal apparatus for video teleconferencing, as an editing apparatus for 

40 still and movie pictures, as a terminal apparatus for a computer system, as an OA apparatus such as a word 
processor, as a game machine and in many other ways. 

ft may be needless to say that Fig. 25 shows only an example of possible configuration of a display 
apparatus comprising a display panel provided with an electron source prepared by arranging a number of 
surface conduction electron-emitting devices and the present invention is not limited thereto. For example, 

45 some of the circuit components of Fig. 25 may be omitted or additional components may be arranged there 
depending on the application. For instance, rf a display apparatus according to the invention is used for 
visual telephone, it may be appropriately made to comprise additional components such as a television 
camera, a microphone, lighting equipment and transmission/reception circuits including a modem. 

Since a display apparatus according to the invention comprises a display panel that is provided with an 

eo electron source prepared by arranging a large number of surface conduction electron-emitting device and 
hence adaptable to reduction in the depth, the overall apparatus can be made very thin. Additionally, since 
a display panel comprising an electron source prepared by arranging a large number of surface conduction 
electron-emitting devices is adapted to have a large display screen with an enhanced luminance and 
provide a wide angle for viewing, it can offer really impressive scenes to the viewers with a sense of 

66 presence. 
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(Advantages of the Invention] 

As described above, the present invention provides a method of manufacturing a surface conduction 
electron-emitting device comprising a pair of oppositely disposed device electrodes and a thin film 

s including an electron-emitting region arranged on a substrate, wherein it comprises at least steps of forming 
a pair of electrodes, forming a thin film (including an electron-emitting region), conducting an electric 
forming process and conducting an activation process so that the electron emission performance of the 
device that has hitherto been undeterminable can be strictly controlled as the forming process and the 
activation process are conducted in two separate steps and a coat containing carbon in the form of graphite, 

70 amorphous carbon or a mixture thereof as a principal ingredient is formed on and around the electron- 
emitting region under a controlled manner. 

Preferably, the activation process comprises steps of forming a coat containing carbon as a principal 
ingredient on the thin film and applying a voltage exceeding the voltage-controlled-negative-resistance level 
to the pair of electrodes of the device so that the coat containing carbon as a principal ingredient may be 

75 formed on the high voltage side from part of the electron-emitting region. With such an arrangement, the 
produced electron-emitting device can operate stably from the initial stages of operation with a low device 
current and a high efficiency. 

According to the invention, there is also provided an electron source designed to emit electrons in 
accordance to input signals and comprising a plurality of electron-emitting devices of the above described 

20 type on a substrate, wherein the electron-emitting devices are arranged in rows, each device being 
connected to wirings at opposite ends, and a modulation means is provided for them or, alternatively, the 
pairs of device electrodes of the electron-emitting devices are respectively connected to m insulated X- 
directional wirings and n insulated Y-directional wirings, the electron-emitting devices being arranged in 
rows having a plurality of devices. With such an arrangement, an electron source according to the invention 

25 can be manufactured at low cost with a high yield. Additionally, an electron source according to the 
invention operates highly efficiently in an energy saving manner so that it alleviates the load imposed on the 
circuits that are peripheral to it. 

According to the invention, there is also provided an image-forming apparatus for forming images 
according to input signals, said apparatus comprising at least image-forming members and an electron 

30 source according to the invention. Such an apparatus can ensure efficient and stable emission of electrons 
to be carried out in a controlled manner. If, for example, the image-forming members are fluorescent 
members, the image-forming apparatus may make a flat color television set that can display high quality 
images with a low energy consumption level. 

35 Table 1 





Device current (mA) 


Emission current (uA) 


Pulse width 


30 us 


100 US 


300 US 


30 us 


100 US 


300 us 


Example 3 acetone 


1.8 


2.0 


2.0 


0.9 


0.9 


1.0 


Example 6 n-hexane 


1.7 


1.7 


1.8 


0.7 


0.7 


0.8 


Example 7-a n-undecane 


1.4 


1.4 


1.5 


0.5 


0.6 


0.6 


Example 4 n-dodecane 


2.6 


2.4 


2.2 


1.4 


1.2 


1.0 


Example 7-b oil 


2.9 


2.5 


2.2 


1.7 


1.4 


1.1 



An electron-emitting device comprises a pair of oppositely disposed electrodes and an electroconduc- 
50 tive film arranged between the electrodes and including a high resistance region. The high resistance region 
has a deposit containing carbon as a principal ingredient. The electron-emitting device can be used for an 
electron source of an image-forming apparatus of the flat panel type. 

Claims 

55 

1. An electron-emitting device comprising a pair of oppositely disposed electrodes and an electroconduc- 
tive film arranged between the electrodes and including a high resistance region, characterized in that 
the high resistance region has a deposit containing carbon as a principal ingredient 
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2. An electron^mitting device according to claim 1. wherein said deposit containing carbon as a principal 
ingredient is also present in the vicinity of said high resistance region. 

3. An electron-emitting device according to claim 2, wherein said deposit containing carbon as a principal 
s ingredient is present on said electroconductive film from part of said high resistance region. 

4 An electron-emitting device according to claim 3. wherein said deposit containing carbon as a principal 
ingredient is present particularly on one of said electrodes from said high resistance region. 

,o 5. An electron-emitting device according to claim 4. wherein said deposit containing carbon as a principal 
ingredient is present particularly on part of the electroconductive film close to the h.gher potential one 
of said electrodes from said high resistance region. 

6. An electron-emitting device according to claim 1. wherein said electroconductive film is made of 
75 electroconductive fine particles. 

7. An electron-emitting device according to claim 6. wherein said electroconductive fine particles are 

made of metal or an oxide of metal. 

20 8. An electron-emitting device according to claim 6, wherein at least part of said electroconductive fine 
particles are coated with said deposit. 

9. An electron-emitting device according to claim 1, wherein said high resistance region contains 
electroconductive fine particles. 

25 10. An electron-emitting device according to claim 9. wherein at least part of said electroconductive fine 

particles are coated with said deposit. 

11. An electron-emitting device according to claim 1. wherein at least part of said electrodes are coated 
30 with said deposit containing carbon as a principal ingredient. 

12. An electron-emitting device according to claim 1, wherein said deposit containing carbon as a principal 
ingredient is principally made of graphite, amorphous carbon or a mixture thereof. 

as 13. An electron-emitting device according to claim 1, wherein the electron emission current of the device 
has a monotonically increasing characteristic relative to the voltage applied to said electrodes. 

14. An electron source comprising an electron-emitting device for emitting electrons according to input 
signals, characterized in that said electron-emitting device is a device according to one of claims 1 
40 through 13. 

15 An electron source according to claim 14. wherein it comprises a plurality of said electron-emitting 
devices arranged In a plurality of rows, each of said electron-emitting devices bemg connected to 
wirings at opposite ends, and a modulation means for modulating electron beams emitted from said 
45 electron-emitting devices. 

16. An electron source according to claim 14. wherein it comprises a plurality of said elec^on^rnitting 
devices arranged in rows and respectively connected to m X-directional wirings and n Y-direchonal 
wirings that are mutually electrically insulated. 

60 17 An image-forming apparatus comprising an electron source and an image-forming member for forming 
images according to input signals characterized in that said electron source comprises an electron- 
emitting device according to one of claims 1 through 13. 

es 18. An image-forming apparatus according to claim 17. wherein said electron source comprises a plurality 
of said elect/orHwnrtting devices arranged in a plurality of rows, each of said electron-emitting devices 
being connected to wirings at opposite ends, and a modulation means for modulating electron beams 
emitted from said electron-emitting devices. 
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19. An image-forming apparatus according to claim 17, wherein said electron source comprises a plurality 
of said electron-emitting devices arranged in rows and respectively connected to m X-directional 
wirings and n Y-directional wirings that are mutually electrically insulated. 

s 20. An image-forming apparatus according to claim 17, wherein the emission current and the device 
current of said electron source have a monotonically increasing characteristic relative to the voltage 
applied to said devices. 

21. An image-forming apparatus according to claim 17, wherein the inside of said image-forming apparatus 
70 is maintained to a degree of vacuum that does not allow any additional deposition to be made to said 

deposit containing carbon as a principal ingredient. 

22. A method of manufacturing an electron-emitting device comprising a pair of oppositely disposed 
electrodes and an electroconductive film arranged between the electrodes, characterized in that it 

75 comprises a device activation process. 

23. A method of manufacturing an electron-omitting device according to claim 22, wherein said activation 
process is a process for depositing a deposit containing carbon as a principal ingredient on said 
electroconductive film. 

20 

24. A method of manufacturing an electron -emitting device according to claim 23, wherein said activation 
process comprises a step of applying a voltage to the electroconductive film arranged between the 
electrodes in vacuum. 

25 25. A method of manufacturing an electron-emitting device according to claim 24, wherein said voltage is 
applied in the form of pulse. 

26. A method of manufacturing an electron-emitting device according to claim 25, wherein said voltage is 
above a vottage-controlled-negative-resistance level. 

30 

27. A method of manufacturing an electron-omitting device according to claim 26, wherein said voltage is a 
drive voltage for driving the electron-emitting devices. 

2a A method of manufacturing an electron-emitting device according to claim 23, wherein said activation 
35 process comprises a step of applying a voltage to the electroconductive film arranged between the 
electrodes in an atmosphere containing an introduced carbon compound. 

29. A method of manufacturing an electron-emitting device according to claim 28, wherein said voltage is 
applied in the form of pulse. 

40 

30. A method of manufacturing an electron-emitting device according to claim 29, wherein said voltage is 
above a vortage-controlled-negative-resistance level. 

31. A method of manufacturing an electron-emitting device according to claim 30, wherein said voltage is a 
45 drive voltage for driving the electron-emitting devices. 

32. A method of manufacturing an electron-emitting device according to claim 28, wherein said carbon 
compound is an organic gas. 

eo 33, Method of manufacturing an electron-emitting device according to claim 32, wherein said organic gas 
has a vapor pressure of not higher than 5,0OOhPa at the temperature and in the atmosphere of the 
activation process. 

34. A method of manufacturing an electron-emitting device according to daim 33, wherein said organic gas 
65 has a vapor pressure of not higher than 5,000hPa at 20 * C. 

35. A method of manufacturing an electron-emitting device according to claim 32, wherein said organic gas 
has a vapor pressure between 0.2hPa and 5,OO0hPa at the temperature and in the atmosphere of the 
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activation process. 

36. A method of manufacturing an electron-emitting device according to claim 35, wherein said organic gas 
has a vapor pressure between 0.2hPa and S.OOOhPa at 20 *C. 

5 

37. A method of manufacturing an electron-emitting device according to claim 22, wherein it further 
comprises a forming process. 

38. A method of manufacturing an electron-emitting device according to claim 37, wherein said forming 
70 process is a step of forming a high resistance region in the electronconductive film arranged between 

the electrodes. 

39. A method of manufacturing an electron-emitting device according to claim 22, wherein said activation 
process is carried out after said forming process. 

75 

40. An electron source comprising an electron-emitting device for emitting electrons according to input 
signals, characterized in that said electron-emitting device is manufactured by a method according to 
one of claims 22 through 39. 

20 41. An electron source according to claim 40, wherein it comprises a plurality of said electron-emitting 
devices arranged in a plurality of rows, each of said electron-emitting devices being connected to 
wirings at opposite ends, and a modulation means for modulating electron beams emitted from said 
electron-emitting devices. 

25 42. An electron source according to claim 40, wherein it comprises a plurality of said electron-emitting 
devices arranged in rows and respectively connected to m X-directionaJ wirings and n Y-directional 
wirings that are mutually electrically insulated. 

43. An image-forming apparatus comprising an electron source and an image-forming member for forming 
30 images according to input signals characterized in that said electron source comprises an electron- 
emitting device manufactured by a method according to one of claims 22 through 39. 

44. An image-forming apparatus according to claim 43, wherein said electron source comprises a plurality 
of said electron-emitting devices arranged in a plurality of rows, each of said electron-emitting devices 

35 being connected to wirings at opposite ends, and a modulation means for modulating electron beams 
emitted from said electron-emitting devices. 

45. An image-forming apparatus according to claim 43, wherein said electron source comprises a plurality 
of said electron-emitting devices arranged in rows and respectively connected to m X-directional 

40 wirings and n Y-directional wirings that are mutually electrically insulated. 

46. An image-forming apparatus according to claim 43, wherein the emission current and the device 
current of said electron source have a monotonically increasing characteristic relative to the voltage 
applied to said devices. 

45 

47. An image-forming apparatus according to claim 43, wherein the inside of said image-forming apparatus 
is maintained to a degree of vacuum that does not allow any additional deposition to be made to said 
deposit containing carbon as a principal ingredient 

so 
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